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Chapter 2 - Literature Review 


































Figure 2-1: Ruddy’s Structural Framing Isometric (1983) 
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Figure 2-7: Least Cost of Steel Elements (Ruddy, 1983) 
	














































































	 ࢟ ൌ ૙. ૝ࢊ Equation	2‐2
Additionally,	the	moment	of	inertia	of	each	T‐shape	about	its	own	axis	is	much	smaller	than	
the	total	moment	of	inertia,	so	it	can	be	neglected.	Therefore:	
	 ࡵ૙ ൎ ૙ Equation	2‐3
Plugging	these	assumptions	into	the	Parallel	Axis	Theorem	equation	and	simplifying	
produces	the	following:	
	 ࡵ ൌ෍ሺࡵ૙ ൅ ࡭࢟૛ሻ Equation	2‐1
Neglect	the	inertia	about	individual	axes.	
	 ࡵ ൌ෍ሺ࡭࢟૛ሻ Equation	2‐4
Substitute	assumptions	described	above.	
	 ࡵ ൎ෍ሺ࡭ሺ૙. ૝ࢊሻ૛ሻ Equation	2‐5
Since	two	T‐shape	sections	exist,	summing	the	components	produces	two	times	the	inertia	
of	one	T‐shape.	





	 ࡵ ൎ ࡭࢙ ∗ ሺ૙. ૝ࢊሻ૛ Equation	2‐7
	





















ࢃ࢚ ൌ ૝ૢ૙ ∗ ࡭࢙૚૝૝ ∗ ૚	
ࢃ࢚ ൌ ૜. ૝࡭࢙	




	 ࡵ ൎ ૙. ૚૟࡭࢙ࢊ૛ Equation	2‐8
	
	 ࡵ ൎ ૙. ૚૟ ∗ ࢃ࢚૜. ૝ ∗ ࢊ
૛ Equation	2‐11
	









Table 2-1: Comparison of Actual Versus Approximate Moments of Inertia 
Ix	ሺin4ሻ
Section	 Approx. Actual %	Difference	
W	 8	 x	 10 32 30.8 3.9%
W	 10	 x	 12 60 53.8 11.5%
W	 12	 x	 19 137 130 5.2%
W	 14	 x	 22 216 199 8.3%
W	 16	 x	 31 397 375 5.8%
W	 18	 x	 40 648 612 5.9%
W	 21	 x	 55 1213 1140 6.4%




































































































Fy	ൌ	36	ksi:	 	 ࢃ࢚ ൎ ૞ࡹࡰ Equation	2‐22a
	




































































































25'	x	25'	 21%	 14% 34% 31% 100%	
30'	x	30'	 25%	 14% 32% 32% 103%	
30'	x	30'	
ሺAlt.ሻ	 31%	 16% 35% 31% 113%	


































































































































































Figure 3-1: Framing plan of a typical bay. 
	





























































































































 Member Design 
All	framing	members	are	designed	using	the	Load	Resistance	Factor	Design	method.		
The	governing	ASCE	7‐10	load	combination	for	all	members	is	Combination	2:	




















































































Construction L S	or	W D	൅	L	
Roof	members:	 	
Supporting	plaster	or	stucco	ceiling L/360 L/360 L/240	
Supporting	non‐plaster	ceiling L/240 L/240 L/180	
Not	supporting	ceiling	 L/180 L/180 L/120	
Floor	members	 L/360 ‐ L/240	
Exterior	walls:	 	
With	plaster	or	stucco	finishes ‐ L/360 ‐	
With	other	brittle	finishes ‐ L/240 ‐	
With	flexible	finishes	 ‐ L/180 ‐	
Interior	partitions:	 	
With	plaster	or	stucco	finishes L/360 ‐ ‐	
With	other	brittle	finishes L/240 ‐ ‐	
With	flexible	finishes	 L/180 ‐ ‐	
Farm	buildings	 ‐ ‐ L/180	











































































































































	 ࡼ࢔ ൌ ࡲࢉ࢘࡭ࢍ Equation	3‐13
where:	
ࡷࡸ
࢘ ൑ ૝. ૠ૚ඨ
ࡱ




࢘ ൐ ૝. ૠ૚ඨ
ࡱ




























































































































































































20	 2	 10.00 10 10 0.00%	
24	 2	 12.00 12 12 0.00%	
28	 3	 9.33 10 10 ‐7.14%	
32	 3	 10.67 Average	of	10	&	12 11 ‐3.13%	
36	 3	 12.00 12 12 0.00%	
40	 4	 10.00 10 10 0.00%	
44	 4	 11.00 Average	of	10	&	12 11 0.00%	
48	 4	 12.00 12 12 0.00%	































































































































































































































































































































































































































































































































































































































































































































































































































50	 5.06	 9.88 12.96 3.86	
75	 5.45	 13.76 13.75 5.45	
















































































































































































































































































































































































































































Distributed Load Approximation: 
 
  
Figure 7-1: Distributed Load Diagram 
	
97 
	 ࡹ ൌ ࢝ࡸ
૛
ૡ 	



















Figure 7-2: One Point Load Diagram 
	
98 
	 ࡹ ൌ ࡼࡸ૝ 	
	 ࡹ ൌ ሺ૞ሻሺ૚૙ሻ૝
	












Figure 7-3: Two Point Load Diagram 
	
	 ࡹ ൌ ࡼࢇ 	
	 ࡹ ൌ ሺ૜. ૜૜૜ሻሺ૜. ૜૜૜ሻ 	



















઱ࡹ ൌ ࡹെ ሺ૜. ૠ૞ሻሺ૞ሻ ൅ ሺ૛. ૞ሻሺ૛. ૞ሻ ൌ ૙	
ࡹ ൌ ሺ૜. ૠ૞ሻሺ૞ሻ െ ሺ૛. ૞ሻሺ૛. ૞ሻ	














઱ࡹ ൌ ࡹെ ሺ૝ሻሺ૞ሻ ൅ ሺ૛ሻሺ૜ሻ ൅ ሺ૛ሻሺ૚ሻ ൌ ૙	
ࡹ ൌ ሺ૝ሻሺ૞ሻ െ ሺ૛ሻሺ૜ሻ െ ሺ૛ሻሺ૚ሻ	





















1	Point	Load	 12.50 12.50 0.0%	
2	Point	Loads	 12.50 11.11 12.5%	
3	Point	Loads	 12.50 12.50 0.0%	
4	Point	Loads	 12.50 12.00 4.2%	
5	Point	Loads	 12.50 12.50 0.0%	
6	Point	Loads	 12.50 12.24 2.1%	
…	 ‐ ‐ 	‐	




































1	Point	Load	 5.0 2.5 100%	
2	Point	Loads	 5.0 3.333 50%	
3	Point	Loads	 5.0 3.75 33%	
4	Point	Loads	 5.0 4 25%	
5	Point	Loads	 5.0 4.167 20%	
6	Point	Loads	 5.0 4.286 17%	
…	 ‐ ‐ 	‐	


































	 ࢃ࢚ ൌ ૜. ૞ࡹࡰ Equation	2‐22b





















	 ࡹ࢛ ൌ ࣘࡹ࢔ ൌ ࣘࡹ࢖࢞ Equation	B‐2
	 ࣘࡹ࢖࢞ ൌ ࣘࡲ࢟ࢆ࢞૚૛ Equation	B‐3





























































	 ࢃ࢚ ൌ ࢑ࡹ࢛ࡰ Equation	B‐1
	 ࢃ࢚ ൌ ࢑ሺࣘࡹ࢖࢞ሻࡰ Equation	B‐5





	 ࢃ࢚ ൌ ࢑ሺࣘࡲ࢟ࢼ࡭࢙ࡰሻ૚૛ࡰ Equation	B‐7
	 ࢃ࢚ ൌ ࢑ࣘࡲ࢟ࢼ࡭࢙૚૛ Equation	B‐8







࢑ ൌ ૝ૢ૙૚૛ሺ૙. ૢሻሺ૞૙ሻሺ૙. ૜૟ሻ	














	 ࢽ࢙૚૛ ൌ ࢑ࣘࡲ࢟ࢼ Equation	B‐11
	 ࢑ ൌ ࢽ࢙૚૛ࣘࡲ࢟ࢼ Equation	B‐12
















For	beams:	 ࡸ ሺ࢏࢔ሻࡰ ሺ࢏࢔ሻ ൌ ૛૝
ࡸ	ሺࢌ࢚ሻ
ࡰ	ሺ࢏࢔ሻ 	ൌ ૛	
For	girders:	 ࡸ ሺ࢏࢔ሻࡰ ሺ࢏࢔ሻ ൌ ૚૟
ࡸ ሺࢌ࢚ሻ






















	 ࢃ࢚ ൌ ૛. ૞ࡹ࢛ࡰ Equation	B‐1








	 ࢃ࢚ ൌ ૞ૡ࢛࢝ࡸ Equation	B‐12a
	 ࢃ࢚ ൌ ૛. ૞ࡹ࢛ࡰ Equation	B‐1


























	 ࢃ࢚ ൌ ૞૚૛࢛࢝ࡸ Equation	B‐12b
	 ࡴ ൌ ࢃ࢚࢝ࢀ Equation	3‐1












	 ࡴ ൌ ࢃ࢚࢝ࢀ Equation	3‐1










	 ࡴ ൌ ૞ૡ࢛ࢗࡸ Equation	B‐16a
	 ࡴ ൌ ࢃ࢚࢝ࢀ Equation	3‐1




























































































	 ۷ ൌ ૢ࢝ࡸ
૜
૞ૡ૙ Equation	B‐24
	 ࡵ ൌ ࡯࡭࢙ࡰ૛ Equation	B‐25
116 
	





































	 ۷ ൌ ૢ࢝ࡸ
૜
૞ૡ૙ Equation	B‐24
	 ࡯࡭࢙ࡰ૛ ൌ ૢ࢝ࡸ
૜
૞ૡ૙ Equation	B‐26




For	beams:											 ࡸ ሺ࢏࢔ሻ ࡰ ሺ࢏࢔ሻ൘ ൌ ૜૙ ࡸ ሺࢌ࢚ሻ ࡰ	ሺ࢏࢔ሻ൘ 	ൌ ૛. ૞












	 ࢝ ൌ ࢗ࢝ࢀ Equation	B‐28
	 ૙. ૚૞૞࡭࢙ࡰ૛ ൌ ૢ࢝ࡸ
૜
૞ૡ૙ Equation	B‐29
	 ૙. ૚૞૞࡭࢙ሺ૙. ૝ࡸሻ૛ ൌ ૢ࢝ࡸ
૜
૞ૡ૙ Equation	B‐30
	 ૙. ૚૞૞࡭࢙ሺ૙. ૝ࡸሻ૛ ൌ ૢሺࢗ࢝ࢀሻࡸ
૜
૞ૡ૙ Equation	B‐31
	 ࡭࢙ ൌ ૢࢗ࢝ࢀࡸሺ૙. ૚૞૞ሻሺ૙. ૝૛ሻሺ૞ૡ૙ሻ Equation	B‐32











	 ࡴ ൌ ࢃ࢚࢝ࢀ Equation	3‐1
	 ࡴ ൌ ሺ࡭࢙ࢽ࢙ሻ࢝ࢀ Equation	B‐34





	 ࡴ ൌ ૚ૠૡ ࢗࡸ Equation	B‐36a


























	 ࡴ ൌ ࢃ࢚࢝ࢀ Equation	3‐1
	 ࡴ ൌ ሺ࡭࢙ࢽ࢙ሻ࢝ࢀ Equation	B‐34
	 ࡴ ൌ ሺ૙. ૛૞૟ࢗ࢝ࢀࡸሻሺ૝ૢ૙ሻሺ૚૝૝ሻ࢝ࢀ Equation	B‐40
	 ࡴ ൌ ૠૡࢗࡸ Equation	B‐36b
Beams	 ࡴ ൌ ૞ૡ࢛ࢗࡸ Equation	B‐16a
	 	
Girders	 ࡴ ൌ ૞૚૛࢛ࢗࡸ Equation	B‐16b
Beams	 ࡴ ൌ ૚ૠૡ ࢗࡸ Equation	B‐36a
	 	









































































	 ࣘࡼ࢔ ൌ ࡼ࢛ Equation	C‐1



































ܴ݁݃݅݋݊	1: 	ܨ௖௥ ൌ 6.5 ܣ௚	݇ݏ݅
ܴ݁݃݅݋݊	2: 	ܨ௖௥ ൌ 35	݇ݏ݅










































	 ࣘࡼ࢔ ൌ ࣘࡲࢉ࢘࡭ࢍ Equation	C‐2
	 ࣘࡼ࢔ ൌ ࣘ൬૟. ૞ට࡭ࢍ ൰࡭ࢍ Equation	C‐5
	 ࣘࡼ࢔ ൌ ૟. ૞ ∗ ૙. ૢ ∗ ࡭ࢍ૜/૛ Equation	C‐6
	 ࡼ࢛ ൌ ૞. ૡ૞࡭ࢍ૜/૛ Equation	C‐7




















	 ࡭ࢀ ൌ ࡺ࡭ࢌ Equation	3‐12
	 ࡭ࢌ ൌ ࡸ࢈ࡸࢍ Equation	C‐10
	 ࡼ࢛ ൌ ࢛ࢗ࡭ࢀ Equation	C‐8
















	 ࡼ࢛ ൌ ࢛ࢗࡺࡸ࢈ࡸࢍ Equation	C‐12a
	 ࡼ࢛ ൌ ૞. ૡ૞࡭ࢍ૜/૛ Equation	C‐7





















	 ࡴ ൌ ࢃ࢚ ∗ ࢎࡸ࢈ࡸࢍ Equation	C‐16
	 ࢃ࢚ ൌ ࢽ ∗ ࡭ࢍ૚૝૝ Equation	C‐17
	 ࡴ ൌ ࢃ࢚ ∗ ࢎࡸ࢈ࡸࢍ Equation	C‐16
	 ࡴ ൌ ሺ
ࢽ ∗ ࡭ࢍ
૚૝૝ ሻ ∗ ࢎ
ࡸ࢈ࡸࢍ
Equation	C‐17
	 ࡴ ൌ ሺ
૝ૢ૙ ∗ ࡭ࢍ
૚૝૝ ሻ ∗ ࢎ
ࡸ࢈ࡸࢍ
Equation	C‐18
	 ࡴ ൌ ૜. ૝࡭ࢍ ∗ ࢎࡸ࢈ࡸࢍ Equation	C‐19































	 ࡴ ൌ ૜. ૝ ∗ ૙. ૜૙ૡ ∗ ሺ࢛ࢗࡺሻ
૛/૜ ∗ ࢎ
ሺࡸ࢈ࡸࢍሻ૚/૜ Equation	C‐23
	 ࡴ ൌ ૚. ૙૞ ∗ ࢎ ∗ ඨ࢛ࢗ
૛ࡺ૛
ࡸ࢈ࡸࢍ

























	 ࣘࡼ࢔ ൌ ࣘࡲࢉ࢘࡭ࢍ Equation	C‐2
	 ࣘࡼ࢔ ൌ ૙. ૢ ∗ ૜૞ ∗ ࡭ࢍ Equation	C‐26
	 ࡼ࢛ ൌ ૜૚. ૞࡭ࢍ Equation	C‐27
	 ࡼ࢛ ൌ ࢛ࢗ࢘ࡺࡸ࢈ࡸࢍ Equation	C‐12b
	 ࡼ࢛ ൌ ૜૚. ૞࡭ࢍ Equation	C‐27



















	 ࡴ ൌ ૜. ૝࡭ࢍ ∗ ࢎࡸ࢈ࡸࢍ Equation	C‐30
	 ࡴ ൌ
૜. ૝ ∗ ൬࢛ࢗ࢘ࡺࡸ࢈ࡸࢍ૜૚. ૞ ൰ ∗ ࢎ
ࡸ࢈ࡸࢍ
Equation	C‐31
	 ࡴ ൌ ࡺ࢛ࢗ࢘ࢎૢ Equation	C‐25b



































































Appendix D - Steel	Weight	Graphs	
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